Trace-element and Nd-Sr-Pb isotopic data for mafic lavas from the Mascarene island of Mauritius reveal that the shield-stage Older Series (with 143 Nd/ 144 Nd = 0.512827 to 0.512853, 87 Sr/ 86 Sr = 0.70412 to 0.70433, and 206 Pb/ 204 Pb = 18.771 to 19.024) is geochemically very similar to the shield-building lavas of the younger island of Réunion. The post-shield Intermediate and Younger Series lavas of Mauritius have systematically greater values of 143 Nd/ 144 Nd and lower 87 Sr/ 86 Sr ratios than the Older Series and Réunion lavas. Intermediate and Younger Series Nd and Sr isotopic ratios are closely similar (0.512874 to 0.512899; 0.70369 to 0.70401), whereas 206 Pb/ 204 Pb ranges from values as great as any for the Older Series and Réunion lavas to as low as 18.608. Most of the Intermediate Series lavas are strongly enriched in highly incompatible elements relative to moderately incompatible ones (e.g., chondrite-normalized La/Lu = 4.03-17.8 vs. 9.38-10.2 for the Older Series), but the Younger Series lavas display much less relative enrichment (e.g., chondrite-normalized La/Lu = 3.86-5.37) and have low concentrations of incompatible elements. Modeling suggests that variable partial melting and mixing between mid-ocean-ridge-basalt (MORB) source mantle and mantle with bulk-Earth-like Nd and Sr isotopic and incompatible-element ratios, and "C"-like Pb isotope ratios, can explain the general relationship between the shield and post-shield lavas. All Mauritius and Réunion lavas can be explained as 2-8% partial melts of a bulk-Earth-like source that had been 1.5-0.25% metasomatized by a 0.1% MORB-source melt. The range in Pb isotopic compositions requires mixing with highly variable Sr/Pb and Nd/Pb ratios in the end members; such variation, however, is not supported by measured Sr/Pb, Nd/Pb, etc. in the lavas. Some isotopic heterogeneity thus appears to be required in the end members and/or much of the range in Pb isotopes represents radiogenic ingrowth since the metasomatic event. Near-constant 207 Pb/ 204 Pb values over the range of 206 Pb/ 204 Pb among the Older Series lavas suggest that the metasomatic event must have occurred within the last few hundred million years.
Introduction
THE INDIAN OCEAN BASIN has a complex geology, with four major branches of the worldwide oceanic ridge system (the Southeast Indian, Southwest Indian, Central Indian, and Carlsberg ridges), numerous large fracture zones, and several volcanic island/seamount chains (Fig. 1) . The island of Mauritius (20°20'S, 57°30'E) lies at the southern end of the Mascarene Plateau, a major volcanic edifice that extends northward to the Seychelles Islands (e.g., Fisher et al., 1967 Fisher et al., , 1971 Baxter, 1975a Baxter, , 1975b . The islands of Mauritius, Rodrigues (650 km ENE of Mauritius), and Réunion (170 km WSW of Mauritius) together constitute the Mascarene Islands.
Volcanic activity on Rodrigues ceased ~1.5 Ma (million years ago), and that on Mauritius at 0.17 Ma (McDougall and Chamalaun, 1969) , whereas Réunion Island is still volcanically active. Morgan (e.g., 1981) proposed that the Réunion "hotspot" was the manifestation of a deep mantle plume, and that the track of this plume on the northward-moving Indian plate is represented by Réunion, Mauritius, and the Mascarene Plateau, the Laccadives-Maldives-Chagos Ridge, and the Deccan flood basalt province of India (Fig. 1) . Morgan (1981) also specu-lated that the E-W-trending Rodrigues Ridge formed by lateral flow of Réunion hotspot mantle toward the Central Indian Ridge (CIR), as the CIR gradually migrated away from the hotspot. The Rodrigues Ridge does not extend all the way to the CIR, however, and appears to lack an age progression ; Rodrigues Island lies at its eastern terminus.
Réunion Island rises 7 km from an ocean floor of Paleocene age and consists of two shield volcanoes. Piton de La Fournaise (2,361 m) is active, and one of the most productive in the world. The other, Piton des Neiges (3,069 m), lies 30 km northwest of Piton de la Fournaise, and is now extinct (Bachèlery et al., 1982; Fisk et al., 1988) . Lavas from both volcanoes FIG. 1 . Map of southern Asia and the Indian Ocean basin, showing the main tectonic and physiographic features of the latter. Based on maps of Mahoney et al. (2002) and . ODP Leg 115 sites (706, 107, 713, 715) and Texaco drill site SM-1 are indicated by open circles; the ages of the basalts are from McDougall and Chamalaun (1969) and Duncan and Hargraves (1990). have been studied extensively (e.g., McDougall, 1971; Fisk et al., 1988; Albarède and Tamagnan, 1988; Gillot and Nativel, 1989; Staudacher et al., 1990; White et al., 1990; Albarède et al., 1997; Hanyu et al., 2001) . In comparison, few studies of Rodrigues Island lavas exist (e.g., McDougall et al, 1965; Baxter et al., 1985) . For Mauritius, K-Ar (McDougall and Chamalaun, 1969) , petrographic, major-element and some trace-element data (Baxter, 1972; 1975a , 1975b , 1976 are available, along with a small number of isotopic data. The latter include Nd and Sr isotopic data for eight samples (Mahoney et al., 1989) , and Pb isotopic data for two of these samples (Peng and Mahoney, 1995) . Noble gas isotope data for a few Mauritius lavas and for a larger number of Réunion lavas were recently published by Hanyu et al. (2001) . In this paper, we present major-element, detailed trace element, and Nd-Sr-Pb isotopic data for a suite of Mauritius lavas, and discuss the implications for the mantle sources and petrogenetic evolution of these lavas. Baxter (1972) recognized three distinct volcanic series on Mauritius: the Older, Intermediate, and Younger Series. The Older Series, marking the erosional remnants of a large shield volcano, is a variably differentiated transitional basalt to trachyte suite (Baxter, 1975a) . It is composed of two stages. The first, a shield-building stage, consists of an alternating lava-agglomerate succession with flows of olivine basalt, with minor feldspar-phyric basalt and trachybasalt toward the top of the succession; the porphyritic mafic lavas host ultramafic nodules. A radial dike swarm is associated with this stage. The second stage forms a late-shield sequence of feldspar-phyric basalt and trachybasalt, with associated trachytic intrusions. The post-shield Intermediate Series lavas are restricted to the southwestern part of the island, and predominantly comprise alkali-olivine basalt, basanite, and subordinate nephelinite. The volume of the Intermediate Series is small compared to the volumes of the Older and the Younger Series. Younger Series lavas cover the bulk of the island, and are mostly olivine basalts with smaller volumes of basanite. They were probably erupted as the terminal stages of major fissure eruptions from a group of small volcanoes aligned ENE-WSW. K-Ar dating by McDougall and Chamalaun (1969) yielded ages of 7.8-5.5 Ma for the Older Series, 3.5-1.9 Ma for the Intermediate Series, and 0.70-0.17 Ma for the Younger Series.
General Volcanic Geology of Mauritius
The evolution of Mauritius is rather similar to that of many ocean islands worldwide, including the Hawaiian islands. Hawaiian volcanoes typically evolve through four distinct eruptive stages (e.g., Stearns, 1940; Macdonald and Katsura, 1964; Macdonald, 1968; Clague, 1987) . The first is a pre-shield stage, consisting of alkalic and some tholeiitic lavas, followed by a tholeiitic shield-building stage that constitutes ~99% of a volcano's volume. This is followed by a post-shield alkalic stage, and often, several million years later, a post-erosional or rejuvenated alkalic stage. The pre-shield stage has been observed only for the youngest volcano in the Hawaiian chain, Loihi, and is inferred for the other Hawaiian volcanoes whose inaccessible foundations lie several kilometers underneath their exposed tops.
Using the major elements and several trace elements, Baxter (1975a) inferred an important role for fractionation of olivine + clinopyroxene (± plagioclase ± titanomagnetite) in the evolution of the Mauritius Older Series basalts, and the fractionation of anorthoclase in the evolution of the trachytes. He tentatively ascribed a distinct "silica gap" within the series to secondary boiling. Baxter (1976) argued that incompatible-element enrichment patterns in alkali basalts from the Intermediate and Younger Series, and their highly variable Rb/Sr, K/ Rb, K/Sr, and K/Ba ratios, suggested formation by low-degree, possibly sequential melting of a single peridotitic mantle source. He suggested that the relatively low incompatible-element concentrations in the Younger Series either reflected higher degrees of partial melting, or the melting of mantle already depleted in incompatible elements during production of the Intermediate Series magmas.
Samples and Analytical Methods
The samples used in this study are from Baxter's collection, and all are from lava flows. Major element oxides (except Na 2 O) and several trace elements in a large number of tungsten-carbide-ground powders were analyzed by Baxter (1972) using Xray fluorescence spectrometry (XRFS); Na 2 O was analyzed by flame photometry. We analyzed fourteen of these samples for a larger suite of trace elements, including the lanthanide rare-earth elements (REE), at the University of Hawaii by inductively coupled plasma mass spectrometry (ICPMS), following the method of Jain and Neal (1996) . Major-and traceelement compositions are reported in Table 1 . Nine of the samples (three from each series) were also analyzed for Nd, Sr, and Pb isotopic ratios, and Pb Potts et al., 1992) for standard rock AGV-1. 2 The symbol "***" indicates that, for the samples, total Fe was measured by XRFS, and FeO by the ammonium vanadate titration method; Fe 2 O 3 was calculated from the difference. For AGV-1, the measured value of total Fe as FeO was 6.27 wt% and the recommended value (Potts et al., 1992 ) is 6.08 wt%. For the ICPMS data, accuracy is indicated by the measured and recommended values (mostly from Govindaraju, 1989) for standard rock BHVO-1. For trace elements at >0.4 ppm in the rock and analyzed by ICPMS, the relative uncertainty for most elements is 3.5% or better (range is 1-5%). Percentage precision for the XRFS data is as follows: SiO 2 = 0.55, TiO 2 = 1.94, Al 2 O 3 = 1.02, FeO total = 1.76, MnO = 3.80, MgO = 1.96, CaO = 0.54, K 2 O = 0.43, P 2 O 5 = 3.80, Ni = 4, Cr = 12, V = 5, Rb = 7, Ba = 6. Percentage precision on Na 2 O is 0.90; n.a. = not analyzed/available. abundance by isotope dilution, at the University of Hawaii following the methods of Mahoney et al. (1991) , except that Pb isotope measurements employed a double-spike method (Galer, 1999) . The isotopic data are presented in Table 2 ; because of the young ages of all three series, the data are not age-corrected.
Major and Trace Elements
We used the SINCLAS program (Verma et al., 2002) to calculate normative compositions and Mg numbers (Mg#), and to obtain rock names. Three of our samples are classified as subalkalic basalts (Older Series samples A168 and A169, and Younger Series lava C52); these three have normative hypersthene. Eight samples are alkalic basalts; they lack normative hypersthene but contain normative nepheline. Three others (B5, B33 and B34), all from the Intermediate Series, are classified as basanites, with ~9-11% normative nepheline, low SiO 2 contents (<45 wt%), and relatively high MgO (11-12 wt%). Data for all the samples analyzed by Baxter (1972) are plotted in the total alkalis-silica diagram of Le Bas et al. (1986) in Figure 2 . The heavy curve is the boundary between the subalkalic and alkalic fields as proposed by Irvine and Baragar (1971) . The majority of the data lie in the alkalic basalt field. Several high-MgO samples lie in the picrobasalt and tephrite-basanite fields. MgO contents and Mg# (= [atomic Mg/(Mg + Fe 2+ )] x 100, assuming Fe 3+ /Fe 2+ = 0.16) are quite high for most of the samples we analyzed; i.e., most of our rocks are rather primitive. The lowest value for Mg# is 56.9 (sample C60), and the two highest values are 80.3 (B33) and 71.8 (B34). Baxter (1975a) interpreted several high-MgO lavas of the Older Series as having accumulated olivine, and concluded (Baxter, 1976 ) that many high-MgO lavas of the Intermediate Series represent primitive, near-primary liquids. Figure 3 shows primitive mantle-normalized element patterns for the Mauritius lavas along with the pattern for average Réunion shield-stage tholeiite for comparison. Patterns for the Older Series lavas show small Pb and Nb-Ta peaks, with small troughs at Sr and, in one case, P (Fig. 3A) . Their strong similarity to the average Réunion pattern is evident, although the Older Series lavas exhibit slightly greater relative enrichment in the highly incompatible elements. The small U peak in the Réunion pattern is also present in the patterns for A168 and A169. However, sample A215 shows a trough at U, probably a result of U loss caused by alteration (its H 2 O content is 1.38%; Table 1 ). Baxter (1976) suggested, based on petrographic and chemical data, that most of the Intermediate Series lavas, comprising alkalic basalts, basanites, and nephelinites, were primitive mafic liquids erupted almost unmodified from upper mantle levels, possibly 45-60 km. We did not analyze any Intermediate Series nephelinites, but the alkalic basalt and basanite patterns display a substantial range in slope. Alkalic basalt B19 has a pattern rather similar in overall slope to the average Réunion shield pattern, but that for B1 is much flatter. Both the B1 and B19 patterns have peaks at Nb-Ta, like the Older Series and Réunion patterns (Fig.  3B) . However, whereas B1 shows a Pb peak, B19 lacks one, and B19, in particular, is poor in Zr and Hf relative to Nd or Sm. Also, Ba in sample B1 is high relative to Rb and Th; this may reflect some post-eruptive redistribution of Rb and/or Ba, or it may be a primary feature because the basanites (Fig. 3C ) also have high relative Ba abundances. The most prominent feature of the basanite patterns is their steepness relative to those for the alkalic basalts, the Older Series, and Réunion shield lavas. The basanite patterns also have pronounced Nb-Ta peaks, small but distinct Pb and U peaks, and slight troughs at Zr-Hf. Sample B33 seems to have lost some Rb and K as a result of alteration (its H 2 O content is 0.88%). The variable enrichment in the light REE over the heavy REE, and the crossing REE patterns, are suggestive of small but variable extents of partial melting with, at least in some cases, residual garnet in the source (La/Yb = 18.19 to 22.54). This feature is consistent with formation of some of these magmas at depths greater than about 80 km (e.g., O'Hara et al., 1971) .
Patterns of the Younger Series lavas (Figs. 3D and 3E) contrast strongly with the steeper ones of the Older Series basalts and especially the and McDonough (1989) . Average Réunion pattern (data from Fisk et al., 1988; Albarède et al., 1997) is shown for comparison.
Intermediate Series basanites. As argued by Baxter (1976) , the Younger Series characteristics could reflect either higher degrees of partial melting or low degrees of melting of a source already slightly depleted in the highly incompatible elements. Interestingly, the patterns for the Younger Series alkalic basalts ( Fig. 3D ) and subalkalic basalt C52 (Fig. 3E ) all show peaks at Sr, in addition to Nb-Ta peaks. Several of these lavas appear to have lost variable amounts of K, U, and Rb; sample C52 also has a trough at P, which may be a result of alteration (its H 2 O content is 1.43%). Two of the Younger Series samples (C29 in Fig. 3D , and C52 in Fig. 3E) have anomalously low Nb/Ta ratios (13.5 and 12.9, respectively, vs. the chondritic value of 17.6; e.g., Sun and McDonough, 1989) ; these two samples appear to have suffered small amounts of Ta contamination during grinding in tungsten carbide. Figure 4 shows the variation of several elements with MgO. The positive correlation between MgO and Ni (Fig. 4A ) and MgO and Cr (Fig. 4B ) are suggestive of olivine fractionation (with Cr entering chromite inclusions in olivine; e.g., Frey et al., 2000) . Decreasing CaO/Al 2 O 3 with decreasing MgO (Fig. 4C) , on the other hand, is indicative of clinopyroxene fractionation. The marked inflections at about 10.5 and 6 wt% MgO may indicate that feldspar, with or without some other low-Ca phase, entered and then left (or played a smaller role in) the fractionating assemblage. For the Intermediate Series samples, including the basanites, the high CaO/Al 2 O 3 may also reflect the retention of Al 2 O 3 in Baxter (1972) and Table 1. residual garnet at high pressure (see, e.g., Hirose, 1997) . TiO 2 and P 2 O 5 do not show meaningful correlations with MgO overall (Figs. 4D and 4E ). However, for the Older Series, TiO 2 shows a good negative correlation with MgO, and the reversal of the TiO 2 trend at about 4 wt% MgO marks the onset of oxide fractionation. P 2 O 5 also shows a good negative correlation with MgO for the Older Series, consistent with apatite fractionation, which is further supported by the appearance of apatite phenocrysts in the most evolved Older Series lavas (Baxter, 1972) . The high Nb/Y and Tb/Yb values of the Intermediate Series basanites (Figs. 5A and 5B) are consistent with them being low-degree partial melts formed at depths where garnet is stable, inasmuch as Nb, Tb, and Th are incompatible in garnet, whereas Y and Yb behave compatibly in the presence of garnet (e.g., Arth, 1976) .
Residual amphibole and phlogopite in the mantle source has been inferred for the rejuvenatedstage Honolulu Volcanics of the island of Oahu, Hawaii, and for some alkalic lavas of the Comores Archipelago, on the basis of depletion in K relative to other incompatible elements (Clague and Frey, 1982; Späth et al., 1996; Class and Goldstein, 1997; Class et al., 1998) . In the presence of residual amphibole, K/Ce increases with increasing melt fraction, because the bulk solid-melt partition coefficient for K exceeds that of Ce (e.g., Francis and Ludden, 1995) . No meaningful correlations between K/Ce and Ce, or Rb/Ce and Ce, are observed for our Mauritius samples (not shown). In part, this may be because of the small sample set for which Ce data are available; moreover, some of the samples have clearly suffered loss of K and Rb during alteration. In any case, the data provide no evidence for residual amphibole or phlogopite. Figure 6 compares the Nd-Sr isotopic ratios of the Mauritius lavas to those of mid-ocean ridge basalts (MORB) of the CIR and Carlsberg Ridge, basalts drilled during Leg 115 of the Ocean Drilling Program (Sites 707, 715, 713, and 706), basalts from Texaco drill site SM-1 on the Mascarene Plateau, and the Réunion lavas. Data for the Older Series lavas overlap, or lie very close to, the field defined by Réunion shield lavas. Together with similar Pb isotope characteristics (see below) and elemental characteristics, this result indicates closely similar mantle sources and petrogenetic evolution for the Mauritius Older Series and Réunion shield lavas (cf. Peng and Mahoney, 1995) .
Nd-Sr Isotopes
The Older Series lavas have 87 Sr/ 86 Sr ratios (0.70412-0.70433) consistently higher than those of the Intermediate and Younger Series (0.70369-0.70401), and the three series show a broad inverse relationship in 143 Nd/ 144 Nd, with the Older Series lavas having consistently lower 143 Nd/ 144 Nd (0.512827-0.512853, ε Nd = +3.6 to +4.1) than the Intermediate Series (0.512875-0.512899, ε Nd +4.6 to +5.0) and Younger Series lavas (0.512874-0.512891, ε Nd +4.6 to +4.9) (Fig. 6 ). 2 A similar inverse relationship is observed in many ocean island volcanoes, including Hawaiian volcanoes. Shield-building lavas of the Hawaiian chain have a wide range of isotopic compositions, but they are more radiogenic in Sr and less radiogenic in Nd than the post-shield and rejuvenated-stage lavas, which 2 The sample A181, analyzed by Mahoney et al. (1989) , has 143 Nd/ 144 Nd = 0.511876 relative to 143 Nd/ 144 Nd = 0.511845 for the La Jolla Nd standard, ε Nd = +4.6, and 87 Sr/ 86 Sr = 0.70411. It is not clear whether this sample belongs to the Older or the Intermediate Series, inasmuch as it was collected near the boundary between the two types in a heavily forested area. also are more alkalic than shield-stage lavas. These features of post-shield and rejuvenated-stage volcanism have been interpreted as indicating either lowdegree melting or recent (<400 Ma) mantle metasomatism involving material from comparatively MORB-like mantle (e.g., Clague and Frey, 1982; Stille et al., 1983; Chen and Frey, 1983, 1985; Feigenson, 1984; Roden et al., 1984; Clague and Dalrymple, 1988; Maaløe et al., 1992; Reiners and Nelson, 1998; Frey et al., 2000) .
Nd and Sr isotopic ratios of the Intermediate and Younger Series Mauritius lavas overlap, and cluster in a small area (consistent with a common, relatively homogeneous mantle source for both) between the Older Series and Réunion values and the CIR MORB field in Figure 6 . The Intermediate and Younger Series may therefore represent melts of a mixed mantle source (cf. Mahoney et al., 1989) . Their relative closeness to CIR MORB isotopic compositions is also consistent with their helium isotopic ratios. Hanyu et al. (2001) reported that 3 He/ 4 He ratios of both volcanoes on Réunion are uniform (12-13.5 R a , where R a is the atmospheric 3 He/ 4 He ratio) regardless of 4 He content and sample age, and that values for the Mauritius Older Series lavas are very similar, around 11.5 R a . In contrast, the Intermedi-ate and Younger Series (and Rodrigues) lavas have 3 He/ 4 He (6.5-8.4 R a ) similar to Indian MORB ratios.
The Leg 115 and SM-1 basalts have higher ε Nd values than the Intermediate and Younger Series lavas, within or close to the CIR MORB range (Fig.  6) . Values for the youngest drill site, Site 706 (33 Ma), are closest to those of Mauritius and Réunion. White et al. (1990) argued that, as a group, the ε Nd values of the Leg 115 basalts and Réunion showed an overall decrease, and 87 Sr/ 86 Sr a rough increase, with decreasing age. Within the framework of the mantle plume model for ocean island volcanism (e.g., Richards et al., 1989) , they interpreted this trend as reflecting progressively decreasing entrainment of asthenospheric (MORB-source) mantle by the upwelling plume. Noting the relatively high Sr isotope values of several of the drilled samples, they concluded that 87 Sr/ 86 Sr also may have been variably increased by seawater alteration. Nd isotopic ratios are not affected by low to moderate levels of seawater alteration, however, and do not appear to vary systematically with age, except that lavas of the two oldest sites (at 64 and 57 Ma) have slightly higher ε Nd than those of the three younger sites . In any case, it is not clear that the drill sites recovered shield-stage lavas. Given that the FIG. 6. Nd-Sr isotopic variations. All data are present-day values. Data sources for Mauritius are this study, Mahoney et al. (1989) , and Peng and Mahoney (1995) . Fields for CIR and Carlsberg Ridge MORB (Ito et al., 1987; Mahoney et al., 1989) and Réunion (Fisk et al., 1988) are shown for comparison, as are data for ODP Leg 115 and Texaco drill site SM-1 (White et al., 1990) . Ages for the Leg 115 and SM-1 basalts are from Duncan and Hargraves (1990). post-shield Intermediate and Younger Series lavas of Mauritius are more MORB-like in Nd-Sr isotopic characteristics than the shield-stage Older Series, it is possible, perhaps likely, that the drill-site lavas represent post-shield volcanism and that shieldstage lavas were not penetrated during drilling. Chen and Frey (1983, 1985) explained the transition from shield-stage to post-shield volcanism in the Haleakala Volcano of Maui, Hawaii, with a mixing model in which the proportion of MORB-source mantle to plume mantle increases after the end of the shield stage. Roden et al. (1984) invoked solidmelt mixing, and interpreted the rejuvenated-stage Honolulu Volcanics of Oahu as products of mixing between melts of a MORB-type mantle source and the plume. They estimated that the MORB-type mantle melted to ~0.3%, and that the mixture contained ~2.5% of these partial melts. Others have proposed mixing of relatively high-degree plume-derived melts with smaller-degree MORB-source melts (e.g., Feigenson, 1984; Clague and Dalrymple, 1988) . Whatever the source of the low-ε Nd , high-87 Sr/ 86 Sr mantle component (plume or otherwise) and the MORB-like mantle, there is consensus that mixing of mantle sources and/or melts is required to explain the inverse relationships in isotopic ratios and incompatible element abundances between Hawaiian shield and post-shield or rejuvenated-stage lavas.
A Partial Melting-Mixing Model
In Figure 7 , we summarize a petrogenetic model for the Mauritius lavas, which is a modified version of that used by Chen and Frey (1983) . The model invokes two mixing end members, one of which is MORB-source mantle and the other a mantle source (EM) with bulk-Earth-like Sr and Nd isotope ratios. The physical nature of these sources can have variable interpretations. For example, in the mantle plume model (e.g., Richards et al., 1989; Campbell and Griffiths, 1990) , EM can represent an upwelling deep mantle plume and the MORB source can represent mantle entrained by the plume or it can be FIG. 7 . Illustration of MORB-source and EM partial melting and mixing model for the Mauritius lavas. Data for Réunion shield lavas are also shown (from Fisk et al., 1988; Albarède et al., 1997) . The K d values used are from Reiners and Nelson (1998) : for La, olivine/melt = 0.00045, orthopyroxene/melt = 0.00125, clinopyroxene/melt = 0.037, and garnet/melt = 0.007; for Lu, olivine/melt = 0.00315, orthopyroxene/melt = 0.049, clinopyroxene/melt = 0.235, and garnet/melt = 5.6; for Sr, olivine/melt = 0.0015, orthopyroxene/melt = 0.016, clinopyroxene/melt = 0.1, and garnet/melt = 0.008. lower oceanic lithosphere under an island. In nonplume models (e.g., Smith, 1993; Anderson, 1995 Anderson, , 1996 Smith and Lewis, 1999) , EM can represent detached continental lithospheric mantle or a shallow "perisphere," whereas the MORB source can be the oceanic lithosphere or sub-perispheric convecting mantle. Our model postulates metasomatism of EM by low-degree partial melts of the MORB source.
To a first order, the Mauritius and Réunion lavas can be explained as partial melts of variably metasomatized EM sources, or as mixtures of these partial melts from the MORB source and EM. Figure 7 illustrates the model in terms of La/Lu and 87 Sr/ 86 Sr, parameters used by Reiners and Nelson (1998) to model the Koloa Volcanics of Kauai, Hawaii. As assumed by Reiners and Nelson (1998) , the MORB source has the following composition: La = 0.206 ppm, Lu = 0.054 ppm, Sr = 13.2 ppm, and 87 Sr/ 86 Sr = 0.70230. EM has the following composition: La = 0.71 ppm, Lu = 0.1 ppm, Sr = 23.7 ppm, and 87 Sr/ 86 Sr = 0.70470. Non-modal, equilibrium (batch) melting of the MORB source mantle was assumed. The initial mode of the MORB source was taken to be 65% olivine, 24% orthopyroxene, 6% clinopyroxene, and 5% garnet, and the melts to correspond to 10% olivine, 10% orthopyroxene, 40% clinopyroxene, and 40% garnet. Partition coefficient (K d ) values used for La, Lu, and Sr are given in Figure 7 .
The constant 87 Sr/ 86 Sr vertical line above the MORB source point shows how La/Lu varies as a function of melt fraction (F) for 0.1-3% melting of the MORB source. A 0.1% MORB-source partial melt has La = 49.3 ppm, Lu = 0.176 ppm, and Sr = 1086 ppm. The large hyperbola shows various binary mixtures of this 0.1% partial melt and EM (dots mark 10% increments). Different points on this curve therefore represent EM metasomatized to varying amounts by a 0.1% MORB-source melt. Five of these metasomatized EM sources (30%, 10%, 1.5%, 1%, and 0.25%) are indicated by labels. The 1.5% metasomatized source, for example, has La = 1.44 ppm, Lu = 0.10 ppm, Sr = 39.6 ppm, and 87 Sr/ 86 Sr = 0.70378. The constant 87 Sr/ 86 Sr vertical line rising from it shows the compositions of various partial melts (1-8%) of this source. Data for four Mauritius Younger and Intermediate Series samples plot near this line; the two Intermediate Series data points (for basanites B5 and B33) can be interpreted as representing ~2.5% partial melts of the 1.5% metasomatized source, whereas the two Younger Series samples (basalts C29 and C52) would represent larger amounts of melting (6.5-8%). On the other hand, the data point for Younger Series alkalic basalt C20 (with higher 87 Sr/ 86 Sr = 0.70401) is consistent with 7% melting of a 1% metasomatized source. Alternatively, this lava composition can be interpreted as a second-stage mixture lying on a mixing curve between a 3% partial melt of the 1.5% metasomatized source and pure EM, the proportion of the 3% partial melt in the mixture being ~8%. Figure 7 also shows partial melts of a 0.25% metasomatized EM source, with La = 0.83 ppm, Lu = 0.10 ppm, Sr = 26.4 ppm, and 87 Sr/ 86 Sr = 0.70434. Data for the Older Series and Réunion shield lavas are completely bounded by the lines representing melting of 1% and 0.25% metasomatized sources, at melt fractions between 2 and 6%. All Older Series and Réunion lavas can therefore be interpreted as 2-6% partial melts of an EM source that is 1% to 0.25% metasomatized by a 0.1% partial melt of the MORB source. Interpretation of the Older Series and Réunion lavas as second-stage mixtures is also possible. All the data are bounded by the mixing curves between a 3% partial melt of the 1.5% metasomatized source and EM (Fig. 7) , and a 0.1% partial melt of the 1.5% metasomatized source and EM (not shown). Thus, the shield lavas can also be interpreted as blends of: (1) EM, and (2) variable but lowdegree (0.1-3%) partial melts of a source that itself is a 1.5:98.5 mixture of a 0.1% partial melt of a MORB source and EM. Lacking further evidence, we prefer to interpret the Mauritius (and Réunion) shield lavas as simple partial melts of variable (1.5%-0.25%) first-stage mixtures of EM and a 0.1% MORB-source partial melt.
Pb Isotopes
As with Nd and Sr isotopes, the Pb isotope ratios of the Older Series lavas closely resemble those of Réunion shield lavas, although covering a slightly wider range than yet measured for Réunion (the Réunion field in Figure 8 encloses data for seven samples). Very small differences in 207 Pb/ 204 Pb (<0.01; Fig. 8D ) between the Older Series and Réunion data may simply represent inter-laboratory bias; indeed, the differences are within analytical error for Peng and Mahoney's (1995) two earlier Older Series analyses that were not made by the double-spike method. The Pb isotopic ratios of the three Intermediate Series lavas have a significantly greater range ( 206 Pb/ 204 Pb varies from 18.634 to 19.004), from values lower than any measured for the Older Series to almost as high as the highest Older Series value. In contrast, the three Younger Series samples that we analyzed have relatively low Pb isotope ratios that vary only slightly ( 206 Pb/ 204 Pb = 18.608 to 18.688 ). If the Intermediate and Younger Series lavas were derived from a common mantle source rather homogeneous in Nd and Sr isotopes, it would seem to have possessed considerable Pb isotopic heterogeneity. In the previous section, we assumed that the two mantle end-members each had a single, fixed isotopic and elemental composition (i.e., each could be represented as a point on chemical and isotopic diagrams); however, the range exhibited by the Mauritius, Réunion, and drill-site lavas in ε Nd -87 Sr/ 86 Pb/ 204 Pb space (Figs. 8A and 8B) indicates that one or both end-members would have to have at least a modest range of compositions. The same can be seen from plots of 208 Pb/ 204 Pb vs. 206 Pb/ 204 Pb (Fig. 8C ) and 207 Pb/ 204 Pb vs. 206 Pb/ 204 Pb (Fig. 8D) .
Assuming for the moment that each of the two end-members were isotopically homogeneous, however, the heavy line in Figure 9 is a mixing curve between a MORB source (assumed to have Sr = 13.2 ppm, Pb = 0.04 ppm, 87 Sr/ 86 Sr = 0.70273, 206 Pb/ 204 Pb = 18.000) and EM (assumed to have Sr = 23.7 ppm, Pb = 0.071 ppm, 87 Sr/ 86 Sr = 0.70470, 206 Pb/ 204 Pb = 19.200) . Elemental abundances in the two end-members are based on Sun and McDonough (1989) , and EM is similar to their estimate of primitive mantle, but the EM value of 19.200 for 206 Pb/ 204 Pb is arbitrarily chosen to exceed the highest value measured for the Mauritius samples. This value is higher than estimates for primitive mantle but close to that of the postulated "Common" or "C" mantle component (Hanan and Graham, 1996) Pb = 18.033; Mahoney et al., 1989) . The heavy mixing curve is nearly straight, inasmuch as Sr/Pb is about equal in the two end-members. For mixing curves that encompass the total range of compositions observed, the Sr/Pb ratios of the two end-members must be significantly different. Four other curves in Figure 9 represent mixtures assuming that Sr/Pb in the MORB source FIG. 9 . Small open circles on the mixing curves mark 10% mixing increments, and the ratio of the Sr/Pb values of the two mixing end members is shown beside each curve. For ratios of 5, 2.5, 0.5, and 0.3, the required Sr concentrations in the "MORB source" are 66.8 ppm, 33.4 ppm, 6.68 ppm, and 4.00 ppm, respectively, assuming the Pb concentration of the MORB source is constant at 0.04 ppm, and that the Pb and Sr concentrations of EM are constant, at 0.071 and 23.7 ppm, respectively. Data sources are the same as those in Figure 8 . varies from 5 times to 0.3 times the Sr/Pb value in EM; this range is necessary for the mixing curves to encompass the Sr-Pb isotopic range exhibited by the Mauritius, Réunion, and drill-site samples. Isotopically MORB-like end-members with higher Sr/Pb than EM could represent appropriately plagioclaseenriched cumulate rocks within the oceanic lithosphere (see e.g., Frey et al., 2002) , whereas MORBlike end-members with lower Sr/Pb than EM could be the complementary plagioclase-poor rocks (olivine-clinopyroxene cumulates?). However, such an explanation appears untenable because, although undoubtedly modified somewhat by crystal fractionation, the measured Sr/Pb values among the Mauritius samples vary by only a factor of 3.2 (range of Sr/ Pb is 145 to 466), and do not correlate with 87 Sr/ 86 Sr. Thus, end members that are isotopically somewhat heterogeneous again appear to be required.
Note that the Older Series, Intermediate Series, and Réunion arrays in Figure 9 trend across mixing curves. This behavior can be explained if one or both of the two end members are isotopically somewhat heterogeneous in Pb isotopes. Alternatively, the range in 206 Pb/ 204 Pb at similar Sr and Nd isotope ratios could partly represent radiogenic ingrowth since the mixing event, assuming that somewhat variable U/Pb ratios were produced in different parts of the metasomatized source. The 206 Pb/ 204 Pb ratio tends to evolve much faster than 87 Sr/ 86 Sr and ε Nd , because parent-daughter ratios in the 238 U- 206 Pb system tend to be large (the range in our samples is 2.58 [for B18] to 28.7 [for B34]) and the halflife of 238 U is much shorter than those of 87 Rb and 147 Sm (by a factor of more than 10 and 23, respectively). For example, a relatively small difference in source 238 U/ 204 Pb of only 5 will lead to a difference in 206 Pb/ 204 Pb of 0.25, the maximum range measured for the Older Series, in 314 m.y. Over the same period, the maximum differences observed in 147 Sm/ 144 Nd and 87 Rb/ 86 Sr for the Older Series lavas would lead to Nd and Sr isotopic differences of only 0.3 ε Nd units and 0.00022, respectively. Unfortunately, a direct test of this possibility is not possible, because magmatic and alteration processes have variably modified the source-derived 238 U/ 204 Pb signal in the Mauritius samples. However, general support is provided by the very small observed range in 207 Pb/ 204 Pb relative to that in 206 Pb/ 204 Pb for the Older Series samples. This variation in 207 Pb/ 204 Pb (0.014) is effectively the same as the largest analytical uncertainties on the data (i.e., ±0.012 on Peng and Mahoney's [1995] data); the Réunion data also define a rather flat field (Fig. 8D ). This feature is qualitatively consistent with radiogenic ingrowth of Pb following a metasomatic event in the not too distant past; for example, the difference in 238 U/ 204 Pb of 5 used in the above example corresponds to a 235 U/ 204 Pb difference of 0.036, which would lead in 314 m.y. to a difference of only 0.013 in 207 Pb/ 204 Pb.
Conclusions
The volcanic, petrological, and geochemical evolution of Mauritius is similar to that of many ocean islands worldwide. The Older Series lavas (shieldbuilding stage) of Mauritius are closely similar to those of Réunion Island in major-and trace-element and Nd-Sr-Pb isotopic compositions. The postshield Intermediate and Younger Series lavas have overlapping Nd-Sr isotopic compositions that are slightly more MORB-like than those of the Older Series; their Pb isotope ratios also extend to more MORB-like values, but Pb isotope ratios for the Intermediate Series cover nearly the full range observed for all three series. Most Intermediate Series lavas are strongly enriched in highly incompatible elements relative to moderately incompatible ones, but the Younger Series lavas display much less relative enrichment and have low concentrations of incompatible elements. Post-shield lavas with incompatible element enrichment deriving from mantle sources with long-term relative depletion in incompatible elements (as reflected in isotopic ratios) have been observed in ocean islands worldwide (e.g., Hawaii). A partial melting and mixing model for the Mauritius lavas relates them to various extents of partial melting and mixing between a MORB source and a source (EM) with bulk-Earth-like elemental and Nd-Sr isotopic characteristics and a "C"-like Pb isotopic signature. Many characteristics of the Mauritius and Réunion lavas can be explained if these lavas represent 2-8% partial melts of an EM source that had been 1.5-0.25% metasomatized by a 0.1% MORB-source melt. However, some Pb isotope heterogeneity is required in the end-members, and/or the Pb isotope variation reflects variable radiogenic ingrowth since the metasomatic event, which must have occurred within the last few hundred million years.
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